To assess the efficacy of nepafenac 0.1% ophthalmic suspension in improving the clinical outcomes following cataract surgery (CS) in patients with nonproliferative diabetic retinopathy. Methods: In two similar multicenter, randomized studies, patients received either nepafenac 0.1% or vehicle, instilled three times daily starting a day prior to surgery and continuing for 90 days postoperatively. A post hoc analysis of these two studies was conducted to assess 1) the likelihood for development of postoperative macular edema (ME), based on the percentage of patients who developed ME (30% increase from preoperative baseline in central subfield macular thickness) within 90 days following CS and 2) best-corrected visual acuity (BCVA) endpoints, including the percentage of patients with a BCVA improvement of 15 letters from preoperative baseline to Day 14 and maintained through Day 90. Results for individual studies and their pooled estimates (only visual acuity endpoints) are reported. Primary inference was based on odds ratio (OR). Results: This post hoc analysis included 411 patients (nepafenac 0.1%: 205; vehicle: 206). The incidence of postoperative ME within 90 days of CS was notably lower in the nepafenactreated patients than in vehicle-treated patients (study 1: 3.2% vs 16.7%; OR =0.2, 95% confidence interval [CI] =0.1, 0.5, P=0.001; study 2: 5.0% vs 17.5%; OR =0.2, 95% CI =0.1, 0.8, P=0.018). A higher percentage of nepafenac-treated patients than vehicle-treated patients gained 15 letters from preoperative baseline to Day 14, which was maintained through Day 90 (study 1: 38.4% vs 21.4%; OR =2.4, 95% CI =1.4, 4.2, P=0.003; study 2: 35.0% vs 25.0%; OR =1.6, 95% CI =0.8, 3.2, P=0.172; pooled: 37.1% vs 22.8%; OR =2.0, 95% CI =1.3, 3.1, P=0.001). The odds of 5-letter and 10-letter loss in BCVA from postoperative Day 7 were higher in vehicle-treated than in nepafenac-treated patients. Conclusion: These results support the clinical benefit of prophylactic use of nepafenac 0.1% for reducing the risk of postoperative ME and for improvement in BCVA outcomes following CS in patients with nonproliferative diabetic retinopathy.
Introduction
Postoperative macular edema (ME) following cataract surgery is an important cause for suboptimal visual outcomes, particularly in high-risk patients such as those with diabetes. [1] [2] [3] [4] [5] [6] [7] [8] A retrospective database study of 81,984 consecutive phacoemulsification 
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singh et al cataract operations found the incidence of postoperative ME to be four times higher in patients with diabetes and the relative risk of postoperative ME to increase in proportion with the severity of diabetic retinopathy (DR). 9 The prostaglandin-mediated inflammatory response triggered as a result of trauma during cataract surgery is considered to be an underlying cause for the development of ME. 4 The effectiveness of topical anti-inflammatory agents, such as corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs), that are commonly used for the management of postoperative ocular inflammation and pain, has also been studied for the prevention of postoperative ME. 1, 2, 10, 11 Nepafenac (Alcon Research Ltd, Fort Worth, TX, USA), a topical ocular NSAID, is available as an ophthalmic suspension in concentrations of 0.1% and 0.3%. 12, 13 Unlike other NSAIDs, nepafenac is a prodrug that is deaminated to its active metabolite (amfenac) in the ocular tissues. 14, 15 Both nepafenac and amfenac are potent inhibitors of cyclooxygenase isoforms, COX-1 and COX-2, and distribute rapidly in both the anterior and posterior segments of the eye. [14] [15] [16] The high bioavailability of nepafenac in the posterior segment serves as a reservoir for hydrolysis to amfenac and accounts for nepafenac's prolonged activity in the ocular tissues. [14] [15] [16] The nepafenac 0.1% and 0.3% ophthalmic suspensions are the only NSAIDs approved in Europe for the reduction in the risk of postoperative ME associated with cataract surgery in patients with diabetes, with a recommended use for up to 60 days postoperatively. 7 An extended treatment with nepafenac ophthalmic suspension 0.1% for 90 days after cataract surgery was shown to result in statistically significant and clinically relevant reduction in the risk of postoperative ME, and also a better maintenance of visual acuity (VA) in patients with nonproliferative diabetic retinopathy (NPDR). 17, 18 To gain additional understanding of the efficacy of nepafenac 0.1% in improving clinical outcomes following cataract surgery in patients with diabetes and NPDR, a post hoc analysis was conducted for data from the two individual nepafenac 0.1% studies as well as the pooled data from the two studies.
Methods

study design
This post hoc analysis included data from two, multicenter, randomized, double-masked, controlled, parallel-group trials. One was a phase II study conducted between 2008 and 2010 at study centers in the USA (NCT00782717; study 1) and the other was a phase III study conducted between 2009 and 2010 at study centers in the USA, Europe, Middle East, and Asia Pacific (NCT00939276; study 2). The detailed study designs of the two studies have been published previously. 17, 18 Both the studies were conducted in accordance with the Good Clinical Practice and the Declaration of Helsinki. Each study protocol was reviewed and approved by an Independent Ethics Committee or an Institutional Review Board for each participating center. All patients provided written informed consent before entering the respective study.
The two trials were similar in design ( Figure 1 ). Briefly, patients were administered either nepafenac 0.1% or vehicle, instilled three times daily in the study eye, on the day prior to cataract surgery, on the day of surgery, and for 90 days thereafter. An additional one drop of the study medication was administered 30-120 minutes prior to surgery. In all patients, regardless of the assigned study drug, a corticosteroid 
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Nepafenac 0.1% vs vehicle following cataract surgery (study 1: OMNIPRED™, prednisolone acetate ophthalmic suspension; study 2: TOBRADEX ® tobramycin and dexamethasone ophthalmic suspension) was instilled into the study eye four times daily for 2 weeks postsurgery. There were six postsurgical visits (days 1, 7, 14, 30, 60, and 90) in both studies. The only differences between the two studies were the eligibility requirements in central subfield macular thickness (CSMT) and the method for optical coherence tomography (OCT). In the phase II study, macular thickness was measured using time domain OCT and the ME cut-off was CSMT 250 µm, while in the phase III study, spectral domain OCT (SD-OCT) was used and the ME cut-off was CSMT 320 µm. 17, 18 In both studies, eligible patients were aged 18 years and had a cataract that required extraction by phacoemulsification with planned implantation of the posterior chamber intraocular lens, and had diabetes (Type 1 or Type 2) and were diagnosed with NPDR (mild, moderate, or severe) as defined by the International Clinical Diabetic Retinopathy Disease Severity Scale. 17, 18 At least 50% of the randomized patients in each treatment arm had to have moderate or severe NPDR. Patients with pre-existing ME in the study eye were excluded.
Post hoc analyses assessments
The efficacy and safety data from the two individual studies have been published previously. 17, 18 In this post hoc analysis, the endpoints assessed in the individual studies were the following: the percentage of patients who developed ME (defined as 30% increase from preoperative baseline in CSMT) within 90 days following cataract surgery; the percentage of patients with a best-corrected visual acuity (BCVA) improvement of 15 letters from preoperative baseline to Day 14 and maintained through Day 90; the percentage of patients with a BCVA improvement of 15 letters from preoperative baseline to Day 90 and Day 60; the percentage with BCVA loss of 5 letters and 10 letters from Day 7 to any visit; and mean change from baseline in BCVA. The post hoc analysis of pooled data from the two studies only included the VA endpoints, since different OCT methods were used in the two studies for assessment of ME. There were no safety assessments in this post hoc analysis.
statistical analyses
The post hoc efficacy analysis was conducted on the full analysis set which consisted of all patients who completed the implant surgery and had at least one on-therapy postsurgical visit. For the pooled analysis, the full analysis sets of the respective studies were pooled for each treatment arm.
A logistic regression model was employed that included treatment and retinopathy severity terms to compare odds of event outcomes. The primary inference for ME and BCVA endpoints was based on the odds ratio (OR). The estimated OR, associated 95% confidence intervals (CIs), and P-values were calculated. The percentage of patients with BCVA improvement of 15 letters from preoperative baseline to Day 14 and maintained through Day 90 was based on a binary variable (positive outcome; negative outcome) which was derived using the change from preoperative baseline in BCVA at Day 14, Day 30, Day 60, and Day 90. A positive outcome required that BCVA improvement from preoperative baseline be 15 letters at all four visits (days 14, 30, 60, and 90). Any response short of BCVA improvement of 15 letters at all four visits was considered a negative outcome. A patient with BCVA data missing at one or more than one visit was considered as a negative outcome. For the mean change from baseline, the estimated difference in means by visit and the associated 95% CIs were provided. Descriptive statistics were used to summarize baseline and demographic characteristics, and data were presented by treatment group.
Results
The baseline and demographic characteristics of all patients included in the analysis are shown in Table 1 . The pooled population included 411 patients (nepafenac 0.1% group: 205; vehicle: 206). Overall, the two treatment groups were well balanced. The mean age of patients was 67 years, ~46% were males, and 80% were white. In both treatment groups, 50% patients had moderate NPDR and 38% patients had mild NPDR (Table 1) .
Me endpoint
As previously reported, in both studies, a significantly lower percentage of patients in nepafenac 0.1%-treated group developed ME relative to those in the vehicle group (study 1: 3.2% vs 16.7%, P=0.001; study 2: 5.0% vs 17.5%, P=0.012). 17, 18 In this post hoc analysis, the odds of developing postoperative ME within 90 days of cataract surgery were observed to be notably lower in nepafenac 0.1%-treated group than in the vehicle-treated group in the two studies (study 1: OR =0.2, 95% CI =0.1, 0.5, P=0.001; study 2: OR =0.2; 95% CI =0.1, 0.8, P=0.018). No pooled analysis was performed for this endpoint due to differences in the OCT methodology used in the two studies. 
BCVa endpoints
As shown in Figure 2 , a higher percentage of nepafenac 0.1%-treated patients had a BCVA improvement of 15 letters from preoperative baseline to Day 14 and maintained through Day 90, compared with vehicle (study 1: 38.4% vs 21.4%, P=0.003; study 2: 35.0% vs 25.0%, P=0.172). The analysis of pooled data from the two studies also showed that treatment with nepafenac 0.1% was associated with a higher odds of achieving a BCVA improvement of 15 letters from preoperative baseline to Day 14 maintained through Day 90, as compared to vehicle (37.1% vs 22.8%; OR =2.0, 95% CI =1.3, 3.1; P=0.001).
As shown in Figure 3 , while the percentage of patients with an improvement in VA of 15 letters from preoperative baseline to Day 90 was higher in the nepafenac 0.1% group than in the vehicle group, the difference between the groups was notable in study 1 (55.2% vs 34.9%, P=0.001), but not in study 2 (47.5% vs 35%, P=0.111). However, in the pooled estimate, treatment with nepafenac 0.1% was associated with an increased odds of improvement in VA of 15 letters from preoperative baseline to Day 90, compared with vehicle (52.2% vs 35%; OR =2.0, 95% CI =1.4, 3.0; P,0.001).
Similarly, the percentage of patients with an improvement in VA of 15 letters from preoperative baseline 
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Nepafenac 0.1% vs vehicle following cataract surgery to Day 60 was higher in the nepafenac 0.1% group than in vehicle, the difference between treatment groups was notable in study 1 (P=0.046), but not in study 2 (P=0.272; Figure 4 ). In the pooled estimate, treatment with nepafenac 0.1% was associated with an increased odds of improvement in VA of 15 letters from preoperative baseline to Day 60 (OR =1.6; 95% CI =1.1, 2.3; P=0.025; Figure 4) . The percentage of patients with a loss in VA of 5 letters or 10 letters from Day 7 to any visit was more in the vehicle than in the nepafenac 0.1% group. For both these BCVA endpoints, the odds for postoperative loss in VA were notably lower with nepafenac 0.1% compared with vehicle in study 1 and in the analysis of pooled data from the two studies (P,0.001), but not in study 2 (P0.05; Table 2 ).
The mean changes in BCVA for patients in nepafenac 0.1%-and vehicle-treated groups at all postoperative visits are shown in Table 3 . The mean change from baseline in BCVA at all postoperative visits up to Day 90 was greater in the nepafenac 0.1% group than in the vehicle group, although the difference between the two treatment groups was notable only at Day 60 (in study 1 and in the analysis of pooled data from the two studies, but not in study 2; Table 3 ). 
Discussion
The results of this post hoc analyses corroborated the findings from the two individual studies, that prophylactic treatment with nepafenac 0.1%, initiated 1 day prior to and continued for 90 days after the cataract surgery, reduces the risk of postoperative ME in patients with diabetes and NPDR, compared to vehicle. Treatment with nepafenac 0.1% was found to lower the odds of postoperative ME by 80% in these patients, compared with vehicle. This finding is consistent with the primary analysis of data in the two studies that had shown the incidence of postoperative ME to be three-to five fold lower in the nepafenac 0.1% group than in the vehicle group. 17, 18 Recently, the nepafenac 0.3% ophthalmic suspension administered once daily for 90 days postoperatively has also been shown to reduce the risk of postoperative ME in patients with NPDR. 
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Nepafenac 0.1% vs vehicle following cataract surgery here suggest that the reduction in risk of postoperative ME observed in the two studies is primarily due to nepafenac 0.1% treatment. Although all patients had received additional corticosteroid treatment, the ME and VA findings were in favor of the group receiving nepafenac 0.1% than vehicle at all postoperative time points in both the studies. This is supported by another study that directly compared nepafenac with a topical corticosteroid in low-risk patients; after cataract extraction, nepafenac was found to be more effective in preventing cystoid ME and leading to more rapid visual recovery.
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A limitation of the results presented in this study was that all analyses were post hoc. Thus, claims to statistical significance were not made. Furthermore, study 2 was terminated early, with only 67% of the planned sample size enrolled due to patient recruitment difficulties. The reduced sample size in study 2 could have contributed to the relatively weaker results for VA endpoints, compared to study 1 results. However, VA outcomes in study 2 were numerically in favor of nepafenac 0.1% suspension than vehicle and, thus, directionally consistent with study 1. Though study 1 and study 2 had similar inclusion criteria, they differed in the OCT technique used: time domain OCT vs SD-OCT. Due to greater sensitivity of SD-OCT to detect retinal anatomy, a high percentage of screened patients, such as even those with small cystoid abnormalities/more severe retinopathy, were excluded, which severely limited the enrollment in study 2.
Safety was not assessed as part of this post hoc analysis. However, the safety profile of nepafenac has been established across several studies. The adverse events reported in the two nepafenac 0.1% studies included in this post hoc analyses were consistent with those reported in previous nepafenac studies. 20, 21, 31 Overall, no new safety signals were identified with the extended use of nepafenac 0.1% for up to 90 days following cataract surgery in either study.
17,18
Conclusion
These results support the clinical benefit with the prophylactic use of nepafenac suspension 0.1%, beginning preoperatively, in reducing the risk of postoperative ME and for early and sustained improvement in BCVA outcomes following an uneventful cataract surgery in patients with diabetes and NPDR.
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Contrasting reports exist regarding the beneficial role of NSAIDs in reducing the risk of postoperative ME after cataract surgery. 1, 2, 10, 11, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] However, a comparison of results across studies is limited due to factors such as differences in the definition of ME used, the method used for detecting ME (fluorescein angiography vs OCT), duration of treatment, concurrent medication used, and the patient population included. Very few of these studies have assessed both postoperative ME and BCVA outcomes.
NSAIDs have been reported to be more effective than topical corticosteroids in reducing/preventing postoperative ME after an uneventful cataract surgery. 1, 11 It was observed in a systematic review of randomized clinical trials that in patients with diabetes, a combination of topical NSAIDs and corticosteroids significantly reduced the odds of developing postoperative ME after cataract surgery than corticosteroids alone. 1 Kim et al have suggested that this is likely due to the additive effect of the two anti-inflammatory drugs. 
Disclosure
Rishi P Singh is a consultant for Alcon, Regeneron, Genentech, Zeiss, and Shire and conducts sponsored research for Genentech/Roche, Regeneron, and Apellis. Giovanni Staurenghi reports personal fees from Novartis, personal fees from Alcon, personal fees from Bayer, personal fees from Allergan, personal fees from Boehringer Ingelheim, personal fees from Genentech, personal fees from Roche, grants and personal fees from Zeiss Meditec, grants and personal fees from Heidelberg Engineering, grants and personal fees from Optos, and grants and personal fees from Centervue outside the submitted work. Ayala Pollack has received research grant from Alcon, Bayer, Neovista, Novartis, Ophthotech, Regeneron, Quark, and Santen. Robert Lehmann is a consultant for Alcon and conducts sponsored research for Baush & Lomb, AMO, WaveTech, Omerous, and AVS. Adeniyi Adewale, Thomas Walker, and Dana Sager are employees of Alcon Research Ltd, Fort Worth, TX. The authors report no other conflicts of interest in this work.
